The objectives of this study were to determine the efficacy of various doses of rbST on ADG and feed efficiency WE) and to describe carcass composition changes in fdshing beef steers. In Exp. the ADG response was quadratic (P = ,011, DMI decreased linearly (P = .003), and FE improved quadratically (P = .004) with increasing dose of rbST. Steers receiving l6.5ST and 33ST responded with improved ADG and FE, whereas steers receiving 8.25ST and 66ST responded with improved FE but not ADG relative to OST steers. In Exp. 1 and 2, rbST administration altered carcass composition by increasing carcass protein and decreasing carcass fat. Our results indicate that a daily dose between 16.5 and 33 p g k g of BW was required to optimize both ADG and FE in finishing beef steers; however, the dose response for changes in carcass chemical composition had not attained a plateau even at 300 p g k g of BW.
Introduction
Growth characteristics of cattle treated with bovine ST (bST) have shown improvements of 6 to 25% for ADG and 3 to 25% for FE using bST doses of 25 to 600 pg/kg of BW per day. However, variability in magnitude of the response has been substantial and the response seems to depend on management conditions within the study Peters, 1986;  Sejrsen et al., 1986; Fabry et al., 1987; Kischgessner et al., 1987; Sandles and Peel, 1987; Enright et al., 1990; Grings et al., 1990; Malten et al., 1990) . Experimentation differs in the source and purity of bST (pituitary Ipl vs recombinant trl, dose range, frequency and route of administration (i.m. vs s.c.1, dietary regimen, and duration of the experiment, as well as size, breed, and sex of cattle. A critical evaluation of the effectiveness of long-term administration of various doses of rbST on growth performance of beef steers is needed. Therefore, the primary objective of these two studies was to determine the efficacy of daily administration of a range of doses of rbST on ADG and FE in finishing beef steers, and the secondary objective was to describe carcass composition changes in these steers.
Materials and Methods

Design
In Exp. 1, 96 crossbred beef steers (393 f 2 kg) were assigned to receive buffer or 33, 100, or 300 pg of rbST/ kg of BW per day (OST, 33ST, 100ST, 300ST) in a randomized complete block design with three blocks of four pens (experimental unit) with eight steers per pen. In Exp. 2, 200 crossbred beef steers (350 f 2 kg) were assigned to receive either buffer or 8.25, 16.5,33, or 66 pg of rbST/kg of BW per day (OST, 8.25ST, 16.5ST, 33ST, 66ST) in a randomized complete block design with five blocks of five pens (experimental unit) with eight steers per pen. The rbST doses between 8.25 and 300 pg of rbST/kg of BW in these two experiments represented approximately .04 to .4 IU/kg of BW (assuming a potency of 1.3 IU/mg), which is inclusive of the range of doses reported previously for growth trials with cattle.
Somatotropin
The rbST and buffer were reconstituted daily in sterile water. The rbST concentration (20 mg/mL in Exp. 1; 10 mg/mL in Exp. 2) remained constant and volume varied to deliver the required dose. Treatments were administered as a daily i.m. injection into the gluteal muscles, alternating sides daily using a 1-to 10-mL disposable syringe and a aO-gauge, 2.54-cm disposable needle. Remaining rbST or buffer from the daily preparation was stored ( 5 O C ) and used the next day.
General
Steers were housed at the Upjohn Farm (Kalamazoo, MI1 in pens (eight steers per pen) in a slatted-floor confinement barn with an open southern exposure. The first day of rbST treatment was designated as d 1. On a daily basis (0800 to 09301, steers from each pen were taken out of the pen, moved through the corrals, retained in the chute system, injected, and returned to their respective pens. Routes were designed such that each pen of steers traveled the same distance daily (206 ml.
All steers were weighed before feeding on d 0 and d 1 and at 14-d intervals thereafter. On weigh days, drinkers were turned off and emptied. Doses were adjusted at 14-d intervals according to average steer weight per pen. Number of days on test required to attain the predetermined market weight was recorded. Total ADG was computed as the difference between initial BW and final BW divided by number of days on test. Steers were given ad libitum access to an 86% concentrate:14% roughage diet (Table 1) . Fresh feed was delivered daily (09301 and the amount was recorded. Each morning the feed bunks were observed and adjustments were made in the amount of feed offered daily depending on the amount of residual feed in the feed bunks. Orts were weighed and discarded at least twice weekly. To obtain daily feed intake per steer, the difference between the feed offered and the orts removed was divided by the product of number of steers per pen and number of days per interval. Dry matter content of the ingredients and the total mixed diet was computed to obtain DMI. Efficiency of feed conversion (FE; feed/gainl was computed using ADG and DMI on a per-steer basis.
All steers within a pen were killed at a commercial cattle processing facility (Murco Inc., Plainwell, MI1 when the average BW per pen reached a predetermined market weight of 540 kg in Exp. 1 and 560 kg in Exp. 2. These weights represent market weight based on breed performance and frame size for each set of cattle. Steers were stunned by captive bolt pistol and exsanguinated by severing the jugular veins. Hot carcass weight was determined on the day of slaughter after the head, feet, hide, and viscera had been removed. Chilled carcass weight was measured between 24 and 48 h after placement in the cooler (1°C). Carcass quality and yield grade were determined by a USDA meat grader. Additionally, liver weight, incidence of liver condemnation, kidney weight, and incidence of abomasum ulceration were recorded. Longissimus muscle area was measured at the proximal surface of the 12th rib by tracing and image analysis of the tracings. Backfat thickness was measured at 3/4 arc of the longissimus muscle. In Exp. 1 only, the right wholesale rib was purchased, and the 9-10-1 lth rib section was dissected into soft tissue and bone.
Chemical analysis of the rib section was conducted at Michigan State University using AOAC procedures (1980). Briefly, the soft tissue was ground and samples were taken for compositional analysis. Moisture content was determined as weight loss after 48 h of lyophilization. Lipid was determined as the additional weight loss after 32 h of continuous Soxhlet extraction with diethyl ether. Protein was determined in an independent sampling as total nitrogen by chemiluminescence, using BSA as the standard (Antek Instruments, Houston, TX) and multiplied by 6.25.
The pituitary gland was removed from each steer at the slaughterhouse. The anterior pituitary was dissected away from the posterior lobe, weighed, and frozen in liquid nitrogen. Measurements made on the anterior pituitary were ST content and ST concentration per milligram of tissue (Moseley et al., 1982) .
In Exp. 1, abomasa were excised, emptied, and examined grossly for the presence of abnormalities of the mucosal surface at the slaughter plant. On the days of slaughter in Exp. 2, abomasa were removed from the offal, tagged appropriately, and transferred to The Upjohn Company for thorough gross examination. Each abomasum was incised from the ornasal orifice to the pylorus. Contents were removed by hand, and the last remaining ET AL. particles in contact with the mucosal surface were removed with a gentle water wash. The entire mucosa was examined grossly and observations were recorded. Specimens for microscopic evaluation were taken from areas with grossly noted changes and from 10 randomly selected abomasa with no visible pathological lesions. Tissue for histologic examination was placed in 10% neutral buffered formalin, trimmed after an appropriate fixation interval, processed, and stained with eosin-phloxine and hematoxylin. Microscopic observations were made with the knowledge of the gross observations for each specimen. Procurement and gross and microscopic observations were made without knowledge of treatment group.
On d 2 and 90, blood samples were collected at 60, 105, and 140 min after rbST injection via tail vein puncture from one block of steers in Exp. 1 (n = 321 and Exp. 2 (n = 40). Serum harvested after centrifugation was stored at -20°C until analysis to determine concentration of ST (Moseley et al., 1982) and insulin-like growth factor I (IGF-I; Dahl et al., 19901. Our experimental design allowed at least an 80% probability of detecting a 5% improvement in FE and a 10% improvement in ADG with one location and testing at .2O level of significance for Exp. 1 and at .10 level of significance for Exp. 2. Pen was the experimental unit. All performance and carcass data were analyzed as a randomized complete block design to test for treatment differences IExp. 1 = P < .20, Exp. 2 = P < .IO).
Polynomial contrasts within the ANOVA tested for goodness of linear and quadratic fit for each variable (Steel and Torrie, 1980) . Hormone data were analyzed using repeated measures with dose and day as main effects. Analysis of covariance was used to test for significant relationships among fmal weight and hot carcass weight, chilled carcass weight, longissimus muscle area, and backfat thickness.
In Exp. 1, one steer (300ST) became lame and was removed from the study. All data for that animal were omitted from the analyses. Rib sections were incorrectly cut for one block of 33ST steers (n = 8) and these data were deleted before analysis of the rib section data. In Exp. 2, eight steers were eliminated from statistical analysis for the following reasons: 1) development of bruised legs resulting in lameness and poor growth performance (two in 33ST, one in 66ST), 2) large recurring abscess on the hip resulting from vaccination for IBR, BVD, PI3, and Clostridium (one in OST, one in 16.5ST, one in 66ST), and 3) ADG of c .2 kg/d, perhaps indicating an undiagnosed and unidentified health problem (one in 16.5ST, one in 66sT).
Results
Experiment 1
Growth Performance. The 300ST and lOOST steers were killed at a lighter BW (P c .0051 than the OST and 33ST steers (513, 525, 537, 539 kg, respectively; Table 2 ). Number of days on test were numerically but not significantly less for 33ST steers I121 d) than for either OST or lOOST steers (131 d). The 300ST steers remained on test for 20 to 30 d longer than steers given the other treatments, but they did not reach the target weight. Based on an ADG of .71 kg/d, another 38 d would have been required to reach the target weight. Therefore, a decision was made at 151 d on test to take the three 300ST blocks to slaughter at a mean BW of 513 kg, 27 kg short of the 540-kg target weight.
Average daily gains of 33ST, lOOST, and 300ST steers differed by +7.9, -7.0 and -37.7% from the OST steers (1.14 kg/d; linear, P = .01, lack of fit, P = .05). Daily DMI decreased linearly (P = .Ol), and lOOST and 300ST steers consumed less feed (P c .2) than either OST or 33ST steers, Feed conversion efficiency increased (quadratic, P = .03) by 12.1 and 6.8% for 33ST and lOOST steers and decreased by 35.5% for 300ST steers compared with OST steers (8.05 units).
Carcass Characteristics. Hot and chilled carcass weight and dressing percentage (Table 21 decreased linearly (P = .01). Analysis of covariance showed that final weight was linearly related to hot carcass weight (P = .06) and chilled carcass weight (P = .04). Ninety-six percent of OST carcasses graded Choice (linear, P = .002), whereas 63, 68, and 5% of carcasses from 33ST, lOOST, and 300ST steers, respectively, were of Choice quality grade. Yield grades were predominantly Choice 2 and 3 for the treatment groups (Figure 1) .
Longissimus muscle areas of 33ST, lOOST, and 300ST steers were 7.4, 7.2, and 6.6% larger (quadratic, P = .09) than those of OST steers, respectively (5,271 mm2). Backfat thickness at the 12th rib was reduced (P = .002) 9.3, 28.4, and 62.49'0, respectively, for 33ST, 100ST, and 300ST carcasses compared with the OST carcasses (19.4 cm). For backfat thickness, there was significant heterogeneity of slopes (P c .011 for the relationship with chilled carcass weight and a lack of fit (P = .01) to the linear and quadratic component for the dose-response relationship. Covariate analysis indicated that as chilled carcass weight increased backfat thickness increased in 33ST carcasses but remained the same for the other treatment groups.
Organs. Kidney (P = .01) and liver (P = .04) weight increased linearly with increasing rbST dose (Table 21 . Incidence of liver abscesses in the two highest doses (lOOST and 300ST) was higher (P c .05) than in steers given either OST or 33ST.
Weight of the anterior pituitary gland was not different in OST and lOOST steers, but was heavier (P c .005) in 33ST and 300s" steers than in either OST or lOOST steers. Pituitary ST concentration decreased linearly (P = .03) with dose. Pituitary ST content was reduced (P c .03) in response to rbST treatment with no difference (P > .2) between the doses.
Chemical Composition of 9-10-11 th Rib Section. The weight of the 9-lO-llth rib section and the excised soft tissue decreased linearly (P = .011 with dose ( Table 2) . Chemical composition (percentages of fat, protein, and water) of the soft tissue dissected from the 9-10-11th rib section showed significant linear relationships (P = .OU; however, a significant lack of fit (P < .04) indicated that the linear component was not sufficient to explain all the variability among treatments. ? 9 9 9 9 9 9 9 9 9 ? 9 9 9 9 9 9 9 9 9 9 9 9 m m o uj *- (linear, P = .011 percentage of fat 11.9, 19.1, and 49.0940, increased (linear, P = .011 percentage of protein 5.4, 7.4, and 22.3%, and increased (linear, P = .011 percentage of water 6.8, 10.2, and 26.4%, respectively, compared with OST.
Abomasum. Lesions categorized as ulcers were focal, small ( 5 1 to 2 cm), red, roughened depressions in the mucosal surface. Incidence of ulcers was 4, 23, 28, and 43% in OST, 33ST, lOOST, and 300ST treatments, respectively. However, abomasa from some steers were not obtained (OST, though these lesions were abnormalities, none was severe enough to be considered capable of resulting in clinical disease. Histopathological examination was not performed on ulcerated tissue. Serum Hormones. Concentration of ST in serum increased (linear, P = .0001) with increasing doses of rbST (dose x day P = .02; Figure 2 ). Serum ST concentrations were lower (P = .0051 on d 2 than on d 90 for OST, not different (P = .02) for 33ST and lOOST on d 2 vs 90, and higher (P -.15) on d 2 than on d 90 for 300ST doses (data not shown).
Concentrations of IGF-I in serum increased (linear, P = .00011 with increasing doses of rbST (dose x day, P = .0021. Serum IGF-I concentrations were higher (P = .001) on d 2 than on d 90 in OST steers, lower (P = .07) on d 2 than on d 90 in lOOST steers, and not different (P = .21 between the two sampling days for 33ST and 300ST steers (data not shown). Average daily gains for 8.25ST, 16.5ST, 33ST, and 66ST steers differed (quadratic, P = .01) by -1.0, +9.0, + 10.8, and -3.7% relative to ADG of OST steers (1.1 1 kg/d). Daily DMI decreased linearly (P = .0031 with increasing dose. Feed conversion efficiency was characterized by a quadratic response (P = .0041 with a 5.5, 12.6, 15.1, and 9.7% improvement for 8.25ST, 16.5ST, 33ST, and 66ST steers compared with OST steers (7.94 feed/gain).
Carcass Characteristics. Hot and chilled carcass weight and dressing percentage decreased with rbST dose (linear; P < .04; Table 3 ). Eighty-four percent of OST carcasses graded Choice (P = .0001), whereas 70, 55, 51, and 22% of carcasses from 8.25ST, 16.5ST, 33ST, and 66ST steers (linear, P = .0001), respectively, were of the Choice quality grade. Yield grades were predominantly Choice 3 and 4 for all treatments ( Figure I ).
Longissimus muscle area increased (quadratic, P = .03) 4.1, 7.8, 8.8, and 7.09'0, respectively, in 8.25ST, 16.5ST, 33ST, and 66ST carcasses relative to OST carcasses (7,183 mm21. Backfat thickness at the 12th rib decreased (linear, P = .04) 6.0, 6.5, 4.7, and 22.8%, respectively, in 8.25ST, 16.5ST, 33ST, and 66ST carcasses compared with OST carcasses (23.2 mm).
Organs. Kidney weight increased (linear, P = .00011 as the dose of rbST increased (Table 31 , with no significant difference (P > .1) between OST, 8.25STI l6.5ST, and 33ST treatments, but kidney weight was greater (P e .11 in 66ST than in other treatments. Liver weight increased quadratically (P = .0001) as dose of rbST increased. A higher incidence of abscesses was detected in 8.25ST and 33ST livers than in OST, 16.5STJ or 66ST livers. (Data for this characteristic were not statistically analyzed because this information was missing for three blocks of steers.)
Weight of the anterior pituitary gland increased with dose of rbST [linear, P = .02). Pituitary ST concentration and ST content were reduced in response to rbST treatment (linear, P c .0011.
Abomasum. Discolored andtor) depressed
mucosa was detected grossly in 47, 63, 56, 63, and abomasa, respectively (Table 4) . This classification corresponds to the lesions in Exp. 1 noted as ulcers. In Exp. 2, only one steer from each of the treatment groups had an ulcer confirmed microscopically. The remaining gross observations of discolored and(or1 depressed abomasal mucosa correlated to the microscopic lesion called necrotizing abomasitis, with an incidence ranging form 36 to 59%. The combination of ulcers and necrotizing abomasitis generally accounts for all of the grossly described discolored and(or1 depressed lesions in this study.
Histopathologic examination did not reveal the presence of ulcers or necrotizing abomasitis in any of the 10 abomasa with no gross observations. Although this finding was not surprising, it supports the idea that gross observation is an accurate method of assessing the incidence of the lesion of interest. The incidence of abomasa with discolored and(or1 depressed foci in the mucosa was relatively evenly distributed across all treatments. Because the incidence of discolored and depressed abomasal mucosal foci in the controls was high (47%), it would be difficult €0 attribute numerically larger incidence to treatment with rbST. Furthermore, the highest dose group, 66ST, had a lower incidence of discolored and depressed mucosal foci than did control steers. Similarly, the incidence of microscopically diagnosed abomasal ulcers was evenly distributed across all treatments groups. Finally, the incidence of abomasa with no gross lesions observed was similar for all groups. 
Discussion
Beef steers fed a high-concentratehigh-protein diet during the finishing phase responded to daily administration of rbST with enhanced rate of BW gain and efficiency of feed utilization. The quadratic shape of the response curve for ADG Grings et al., 1990) . Similarly, growth performance has been improved when young steers and heifers were treated with ST during the growing phase Wable 5; Brumby, 1959;  Sejrsen et al., 1986;  Sandles and Peel, 1987;  Groenwegen et al., 1990; Malten et al., 1900) . A summary of the published growth trials in steers, bulls, and heifers treated with bST during the growing and finishing phases indicated that these cattle responded with an average improvement of 10 and 9% for ADG and FE, respectively (McBride and Moseley, 1991).
Our results and the data cited above support the conclusion that ADG and FE are improved in cattle administered ST during either the growing or finishing phase.
The optimal effective rbST dose in our studies, 16.5 to 33 pghg of BW per day, was lower than what might have been predicted based on previous data, most of which have indicated that the optimal effective dose was about 100 pg/kg of BW per day. However, few studies have investigated the growth performance response of cattle to various rbST doses. In the only other long-term experiment (Kirchgessner et al., 19871 , veal heifer calves (70 kg) consumed a milk replacer diet and received daily S.C. injections of 25, 50, or 100 pg of rbST/kg of BW for 9 wk. Responses to increasing rbST dose included increased ADG (7, 8, and 11%) and improved FE (3.8, 5.7, and 7%) compared to control heifers. It is difficult to determine whether the optimal dose was attained for either ADG or FE in these young heifers because there was no apparent plateau of response. Two short-term trials (21 d) examined response of N balance and plasma urinary N (PUN) concentration to increasing doses of bST. In young Holstein heifers (104 kg), N retention increased rapidly as rbST dose increased from 0 to 33 pg/kg of BW per day but increased more slowly from 33 to 200 pg/kg of BW per day, with the asymptote observed at 50 to 100 pg/kg of B W per day (Crooker et al., 1990) . All doses of rbST (6.7, 66.7, 100, and 200 pg/kg of BW per day) except the 33 pg/kg of BW per day dose reduced PUN concentration to a similar extent compared to controls. Concentration of PUN in heifers receiving the 33 pg/kg of BW per day dose was not different from that in controls (Crooker et al., 1990) . Similarly, when beef steers (398 kg) were treated with rbST, PUN was reduced in a dosedependent manner, the maximum effect occurring between 41 and 64 pgpkg of BW per day (Hancock and Preston, 1990) . Average daily gain increased linearly and maximum gain occurred at 41 p g h g of BW per day; a slight decrease occurred at 64 pg/kg of BW per day (Hancock and Preston, 1990 ). The range of effective doses identified in these short-term trials is somewhat similar to the results we present from our experimentation.
Steers receiving 300 pg rbST/kg of BW per day consumed 16.7% less feed and gained weight 35% less rapidly with a 37% poorer FE than control steers. These results demonstrate the curvilinear nature of ADG and FE responses to administration of rbST. Additionally, there seems to be a level at which admum ' tration of ST becomes detrimental to growth performance. Conceivably, the reduced feed intake and increased tissue response due to this high dose of rbST rendered the energy or amino acid supply insufficient for maximal growth response to rbST. However, the shift of chemical carcass composition of the 9-10-11th rib section, the increased longissimus muscle area, and the reduced backfat thickness in spite of the poorer growth performance indicated that ST was still able to function at the tissue level to repartition energy and nutrients from fat into lean tissues. Other studies (Znidar, 1976;  Sandles and Peel, 1987; Wagner et al., 19881 in which ST has been administered at somewhat similar doses have not shown results such as we report here. The causes of disparity between previous studies and our data are unclear but may be due to level of protein in the diet. However, it is difficult to make comparisons among studies because of the heterogeneity of diet, age of cattle, source of ST, duration of ST administration, and experimental protocol.
In the present trials, we observed a significant linear reduction in feed intake (-3.9 to -16.7% Sandles and Peel, 1987;  Enright et al., 1990) and a 21% increase (Groenwegen et al., 1990) in feed intake during ST administration. Alterations in feed intake are apparent in mature, lactating dairy cows treated with rbST. Feed intake initially goes below that of contemporary controls; however, if cows remain on rbST, feed intake will eventually equal and come to exceed that of controls E3auman et al., 1985; Soderholm et al., 19881 . The feed intake response in cattle administered rbST may vary depending on the tissue needs of the animal, which may be related to physiological status, age, and(or1 plane of nutrition. For example, if nutrients mobilized in response to rbST treatment are not utilized proportionally to the increase in protein synthesis that occurs, then the animal may respond with a reduction in feed intake to bring the body to homeostasis. However, if the mobilized nutrients are not sufficient to meet the additional requirements stimulated by ST, then the animal may respond with an increase in feed intake to achieve homeostasis.
A very consistent response in pigs injected with ST has been the marked decreased in feed intake. Additionally, the presence of adequate protein and(or1 dietary lysine has been shown to be essential for the expression of the growth-promoting effects of ST (Chung et al., 1985; Boyd et al., 1986;  Smith and Kasson, 1990) . The diets of our two studies purposely exceeded the NRC recommended CP levels (11 to 12%) for steers of this age, weight, and rate of gain. The rationale for the excess protein was that if feed intake were reduced, as seen in pigs receiving rbST, the level of CP would not be limiting. As noted in Table 1, we used a higher level of CP in Exp. 2 than in Exp. 1 (20.2 vs 16.5%), but the composition of the diets for the two experiments was similar. Feed intake was indeed reduced in steers receiving rbST. However, the growth performance responses to rbST were similar in direction and magnitude for the two experiments. The performance of steers administered these same doses of rbST and allowed to consume the NRC recommended level of dietary CP remains to be investigated. In a recent experiment examining the effect of abomasal casein infusion on the N retention response in steers injected with rbST 1200 pg/kg of BW per day), Houseknecht et al. (1990) concluded that the response to rbST may be limited by the quantity and(or1 quality of amino acids reaching the small intestine and therefore available for absorption. Obviously, more information is needed to adequately investigate the interaction of ST treatment and diet in cattle.
A secondary objective of our experiments was to describe the changes in carcass composition in steers receiving rbST. In response to daily rbST injection, we measured a 4 to 15% increase in longissimus muscle area and a 6 to 57% reduction of backfat thickness. Chemical composition of the 9-10-11th rib section showed a greater percentage of protein and water and a lower percentage of lipid as the dose of rbST increased. From Exp. 1, the magnitude of the reduction in carcass fatness in lOOST and 300ST steers may be confounded with the fact that they were lighter, older, or both, at the time of slaughter compared with OST and 33ST steers. Our experimental design did not allow these factors to be separated. However, in Exp. 2 the linear reduction of backfat thickness with increasing dose of rbST was consistent with the results of Exp. 1, with the exception that the magnitude of the reduction was much greater with the higher doses in Exp. 1.
Hankins ' and Howe's (1946) equations using rib section data to predict the whole carcass described the same patterns of protein and lipid deposition as the rib section data. Another indication of a change in carcass composition in rbST steers was the reduction in percentage of carcasses receiving the Choice grade. This reduction in Choice carcasses is consistent with a reduction in both fat thickness over the rib section and fat within the longissimus muscle. Early et al. (1990b) suggested that bST treatment of steers produced the greatest effect on dissectible lean and fat in the hip, loin, and flank by increasing the leanfat ratio within these anatomical locations. Additionally, fat accretion was affected to a greater extent in the subcutaneous region than in the intramuscular region and, more specifically, in the hip and loin area (Early et al., 1990bl . These gross indicators are supportive of a shift in carcass composition toward a leaner carcass with less fat in steers receiving rbST. Other long-tern studies in steers and heifers during the growing and finishing phases are in agreement with a change in carcass composition in response to treatment with rbST (Peters, 1986; Sejrsen et al., 1986; Fabry et al., 1987; Sandles and Peel, 1987; Wagner et al., 1988; Enright et al., 1990) .
Coincident with a reduction in carcass fat in response to rbST, dressing percentage was reduced .6 to 1.3 percentage points in steers receiving 8. 25 to 100 kg/kg of BW per day and 4 percentage points with 300 pg/kg of BW per day.
In cattle adrrrrms * tered bST during the finishing phase, Fabry et al. (19871 and Wagner et al. (1988) also have shown a 2 to 3% reduction of dressing percentage. In younger, lighter cattle, researchers have shown a 0 to 2.5% increase in dressing percentage (Sejrsen et al., 1986; Kirchgessner et al., 1987; Sandles and Peel, 1987) . One interpretation of this finding is that in bST-treated cattle the noncarcass components, such as internal organs, gastrointestinal tract, hide, offal, and trachea, represent a greater proportion of total BW. Consistent with this notion is the finding in the present trials that kidney and liver weight increased with dose in rbST-treated steers. Published data on accretion rates reveal a disproportionate increase in noncarcass components relative to carcass tissue (Early et al., 1990a,b; Groenwegen et al., 19901. Serum profiles of ST and IGF-I in response to daily i.m. injections of rbST were not characterized. Samples were collected at 60 to 150 min after injection to capture near-peak concentrations of serum ST to substantiate the fact that the injections of various doses of rbST altered serum ST concentrations. As predicted, serum ST concentrations increased with dose and serum concentrations of IGF-I increased concomitantly. This relationship of serum ST and IGF-I fits well with the hypothesis that the growth-promoting activity of ST is at least partly mediated by IGF-I.
Weight of the anterior pituitary gland increased and both the ST content and ST concentration were lower in bST-treated than in control steers. Treatment with exogenous bST may feed back on the pituitary gland or hypothalamus directly or indirectly through IGF-I to reduce synthesis of ST in the pituitary. Other data in swine are in agreement with this finding (Chung et al., 1985; Smith and Kasson, 1990) .
In the first experiment, the incidence of abomasal ulcers was increased in steers receiving 33 to 300 pg of rbST/kg of BW per day compared with control steers. A more thorough investigation in Exp. 2 showed no difference among the rbST and control steers in the incidence of abomasal ulcers, necrotizing abomasitis, and gross description of abomasal mucosal foci of discoloration and(or1 depression. We are aware of no other data reporting abomasal/omasal ulcerations in rbSTtreated cattle. Growing pigs and lactating sows have been shown to respond to daily administration of rbST (Smith and Kasson, 1990) with ulcers in the gastrointestinal tract and death of the animal in severe cases.
In conclusion, daily administration of rbST improved growth performance in finishing beef
steers. An effective rbST dose to improve both FE and ADG was between 16.5 and 33 pg/kg of BW per day. A dose of 100 pg/kg of BW per day improved FE but not ADG, and 300 pg/kg of BW per day produced undesirable effects on growth performance. A shift in carcass composition in steers receiving rbST was characterized by an increase in carcass protein, a decrease in carcass fat, and fewer carcasses grading Choice. However, the dose response for changes in carcass chemical composition had not attained a plateau even at 300 pg/kg of BW per day.
Implications
Administration of recombinant bovine somatotropin is a technique to provide improvements in growth performance and carcass composition in cattle during the early growth phase and finishing phase. The nutritional requirements of cattle receiving recombinant bovine somatotropin remain to be adequately investigated. Alternative methods to manipulate the somatotropin axis, Le., exogenous growth hormone-releasing factor, immunomodulation of somatotropin, growth hormone-releasing factor or somatostatin, and production of transgenic animals) may also represent avenues to elevate serum somatotropin and enhance growth and lactation in domestic livestock.
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